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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to micro electromechanical structure (MEMS)
fabrication and, more specifically, the .present invention relates to the fabrication of a high
5 frequency beam resonator. In particular, the present invention relates to frequency adjustment of

the high frequency beam resonator.

Descrintion of Relateri Art .

As rmcroelectromc technology progresses, the need has arisen for smaller and hrgher S

frequency resonators for both signal filtering and signal generating purposes an:rong others. The
10  prior state of the art usecl dlscrete crystals or devices that generate a surface acoustical wave
(SAW) for their desired functrons As miniaturization of devices progresses, the discrete crystals
and SAW generatmg dev1ces become relatlvely larger and therefore much more difficult to .
- package. For example discrete devrces limit the size of the overall system to larger
configurations and they are more _eXpensiye to produce and to install.
15 Once a resonator is fabricated, process variances may cause a given resonator to have a

frequency that is not within preferred range for a given apphcatlon For such out-of-range

resonators, if another use therefor cannot be found, the resonator must be discarded as a yield

Fa e ETENITeRITLCL -

loss.

What is needed is a MEMS resonator that overcomes the problems in the prior art.

20
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BRIEF DESCRIPTION OF THE DRAWINGS

~In order that the rifanner in which the above-recited and other advantageg of the invention
are obtained, a more particular description of the invention briefly described above w111 be
rendered by reference to specific embodiments thereof, which are illustrated, in ie appended
drawings. Ux_ldérstanding that thesev dravvings depict only typical embpdiments of the invention
that are not necessariiy drawn to scale and are not therefore to be considered to be‘lirﬁiting of its

scope, the invention will be described and explained with additional specificity and detail

‘through the use of the accompanying drawings in which:

Figlire 1 is an elevational cross-section view that depicts preliminafy fabﬁcaﬁ_on ofa
MEMS resonator beam acéording to the present invention;

* Figure 2 is an elevational cross-section view of the resonator beam structure depicted in

 Figure 1 after further processing;

Figilré 3-:ill;1;t;'ates ﬁlﬁhefvprocessiﬁg of thé structure depicted inb F~igure 2; -
| Figure 4 illusﬁates further processing bf the structﬁré dépicted in Figure 3;
Figﬁre 5 ili@ates further proceséiﬂé (;f the s&ubhue depicted in Figure 4,
' Figilre 6 illusﬁateé further procéssing of the structure depicfed in Figure 5;

Figure 7 illustrates further proces.sing“of the structure depicted in ngure 6 after

" formation of a oscillator member layer; o

- Figure 8 illustrates a top plan view of the structure depicted in Figwe 7; e

Figure 9 illu_Strates an elevational cross section view of a cantilever oscillator with
patterning for forming spaced a'pért stacks;

Figure 10 is an elevational cross-section view the structure depicted in Figure 9 after the

- patterning of the protective layer and an ablation layer;
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Figure 11 is a top plan view of the inventive structure after patterning of the protective

layer and an ablatlon layer;

-

Figure 12 is a top plan v1ew of the structure deplcted in Flgure 11 after selectlve removal

of a number of the spaced—apart stacks

Flgure 13 isan elevatlonal cross-sectlon v1ew of the structure deplcted in Flgure 12,

taken along the cross-sectlon line 13 -- 13 to 1llustrate the inventive process

WLt SNTTNMISACITL L e

P10077

: Flgure 14isan elevatlonal cross-sectlon view that depicts altematlve processmg,

'Flguxfe 1Sisan elevatlonat cross-sectlon view that depicts altematlvc processmg;

and
Figure 16 is a process flow chart according to the présent invention. »
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DETAILED DESCRIPTION OF THE INVENTION

- The following description includes terms, such as'upper lower, ﬁrst, second, etc. that are
- used for descriptive purposes only and are not to be construed as hmrtmg The embodrments of
an apparatus or article of the present invention described herein can be manufactured, used, or

5 sh1pped in a number of positions and orientation.

Reference will now be made to the drawings wherein hke st:ructures wﬂl be provided
with like reference designations. In order to show the structures of the. present-invention n:tost L
clearly, the drawings included herem are dlagrammatic representations of mtegrated circuit
structures. Thus, the actual appearance of the fabricated structures, for example ina -
10 ~ photomicrograph, may appear different while still incorporating the essential structures of the
present invention. Moreover, the drawings show only the structures necessary to understand the
present invention. Addmonal structures known in the art have not been included to mamtam the

clarity of the drawmgs

In a first embodim'ent, a process of forming a resonator is carried out by removing
15 discrete amounts .Of material until a preferred resonant frequency is eStablished. Figure 1isan
elevational cross-section view that depicts preliminary fabrication of a micro electt_'omechanical
system (MEMS) resonator beam according to the present invention. A- substrate 10:is depicted

that, in one non—hrmtmg example isa P-type silicon substrate that has a high sheet resrstance as -

ar temme ave s et

is known in the art. Upon substrate 10a pad oxide 12 is formed that may have a thlckness ina
20  range from about 5 000 A to about 15,000 A, and preferably about 10 000 A accordrng to this
~ embodiment. Upon pad oxide 12 a silicon nitride layer 14 is formed. Silicon nitride layer 14

. may be SixNy such as SizNy4 or it may be in other stoichiometric or solid solution 'ratios. In this
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embodiment, silicon nitride layer 14 may be in a thickness range from about 500 A to about
1,500 A, preferably about 1,000 A. Silicon nitriue layer 14 may be formed by deposition such as
phyaical vapor deposition (PVD) or by chemical vapor deposition (CVD). Preferably, silicon
mtnde layer 14 is formed by low pressure CVD (LPCVD) under conditions that are known in the
art Upon smcon nitride layer 14a ﬁrst polysxhcon layer 16 is formed. First polysﬂlcon layer 16
may be formed by CVD, preferably LPCVD under condmons that are lmown in the art. First
polysilicon layer 16 may be in a thickness range from about 2,000 A to about 4,006 A, preferably
about 3,000 A according te this embodiment. Elecu'ical conductivity in first polysilicou layer 16
may be achieved by ion 1mplantat10n in order to obtain a preferred sheet resistance.
Alternatively, doping may be in situ durmg CVD or LPCVD formation of first polys111con layer
16. |

‘ Figure 2 illustrates the result of a first mask process to deﬁne a bottom electx;ode. First
polyailicon layer 16 has been segmented into pedestals 18 and a bottom electrode 20, also
referred to as the}drive electrode 20. Where the first mask process uses an organic resist,
.remeval of the.resistfmay be carried out by use of an aqueous sulfuric acid (H,SO4) and '
hydrogen peroxide‘(Hzoz) solution as is known in the art.

Figul;e 3 illustrates the formation of a sacriﬁcial_ oxide 1ayei"22. Saeriﬁgial_ oxide layer

22 acts to suppert what will be an oscillator member. A deposition processsuchasthe . . . ..

decompos1t10n of tetra ethyl ortho s1hcate (TEOS) may be used, or other oxide. deposmons o

e —————.

—w— ——

known in the art. In tlns embodiment the th1ckness of sacnﬁclal ox1de layer22 maybeina . .
range from about 50 A to about 1,000 A.
Figure 4 .illustrates the effect of patterning with a se__czond mask. This process exposes

part of pedestal 18 that is used as anchorage to what will become an oscillator member. In one
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variation of this embodlment where sacrificial oxide layer is about 100 A, an oxide dry etch is
carned out to expose an upper surface 24 of pedestal 18. In another variation of this
embodlment, where sacrificial oxide layer is about 300 A, an oxlde dry etch is carned out to

expose an upper surface 24 of pedestal 18. Where the second mask process uses an organic

* resist, removal of the resist may be carned out by use ofan aqueous sulfuric acid (H2804) and

hydrogen peroxide (H;0,) solutlon as is known in the art. -

Figure 5 illustrates the effect of a process that forms a seco_nd polysilicon tayer 26 that

deposits conformably over any topology that exists upon'substrate 10. Second polysilicon layer

26 may be formed by CVD, preferably LPCVD. The thickness of second polysﬂlcon layer will - .- ..

be selected based upon a preferred target frequency of the future oscﬂlator member In one
variation of this embodiment, second polys111con layer 26 may have a thlckness in a range ﬁ'om _
about 500 A to about 1,500 A, and preferably about 1,000 A. In another variation of this
embodnnent, second polys_lhcon layer 26 may have a thickness in a range from about 1,500 A to -
about 4,500 A, and preferably about 3_,000 A In a manner similér to the ion irnplantation of
first polysilicon laye'r 16, second polysilicon layer may be doped to a preferred sheet resistance -
that will be selected according to a specific _application. Alternatively, doping may in situ during
CVD or LPCVD formation of second polysilicon leyer 26.

During the process flow, it may be preferred to activate any doping by a thermal
treatment In addition to dopant actlvatlon, stress rehef may be achleved in the polysﬂlcon
structures. 'I'hermal treatment may mclude an anneal as known in the art for doped and undoped

polysrhcon structures, or a faster, rapid thermal anneal (RTA) as known in the art for polys111con

structures. The specific thermal treatment may be selected_;apcording.to a specific oscillator

quality, both as to resistivity and to stiffness.

P10077 7



Figure 6 illustrates the effect of processing with a third mask. The oscillator that is to be

formed is patterned from second polysilicon layer 26. Second polysﬂ1con layer 26 in this non-

l1m1tmg embodiment, has been formed by a substantial blanket deposition of polysilicon. Figure
. 6 illustrates the patterning of second polysilicon layer 26 to ren:love all but the oscillator member
5 portion and the pedestal anchorage portion of second polysllicon layer 26. Accordingly, what
may be.referred to as an oscillator member 28 or a top eleco'ode 28 is formed according to a
.plv'ocess that will be further illustrated herein. Etching of second polysilicon layer 26 may be
carned out under conditions known in the art. One condmon is a dry anisotropic polysilicon etch
that may be time dependent and/or that stops on subjacent structures such as sacnﬁclal layer 22.
10. Where the third mask process uses an organic res1st, removal of the re51st may be camed out by
use of an aqueous sulfuric acid (HSO4) and hydrogen peroxlde (H;0,) solution as is known m
: .the art, - h | |
| _ After the rerlxoval of the third mask, sacrificial oxide layer 22 may be removed as
depicted in Figure 7. In one embodiment,l sacrificial oxide layer 22 is wet etched in an aqueous-
15  hydrofluoric acid (HF) system. Accordingly, the HF system is selective to the polysilicon
| " structures. Thereafter, the oscillator and substrate are allowed to dry. Drying may be thermally
. assisted or it may be vacuum assisted, or both as is known in the art. |
| Figure 8 isa top plan view of an oscillator bridge 30 according to the present invention.

Top electrode 28 is an oscillator member that spans between two pedestals 18. It can be seen

20 that dnve electrode 20 may have a span beneath top electrode 28 that may vary in size within the
dashed area. Addmonally, electrical connect1on 32 to drive electrode comprises a segment of

ﬁrst polysilicon layer (Flgure 1)

P10077 : 8
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According to the present invention, laser tuning of the inventive oscillator may be
accomphshed by formmg at least one structure on the oscrllator For example the at least one

structure may be a plurality of spaced-apart stacks. Figure9 isan illustration of a cantilever

beam oscxllator that may be manufactured accordmg to the present invention.

The”su'uctures of oscillator pedestal 18 and top electrode 28 may comprise an electrically
conductive material. One example of an eiectrically conductive material is polysilicon according

to the embodiment set forth herein. The polysilicon is selected from undoped polysilicon and:

- doped polysxhcon, erther p-doped or n-doped Another example of an electncally conductrve

material is a metal such as metals that are typically used in the fabncatron of metalhzatron layers

The metal may be selected frorn alummum copper srlver gold, and the hke The metal may ~

also be selected from titanium, moblum, zirconium, hafmum and the hke The metal may also
be selected from tungsten, cobalt, mckel scandium and others known in the art. Another
example of an electncally conductlve material is refractory metal nitrides selected ﬁom trtamum o

nitride, tantalurn mtnde, tungsten mtnde alummum mtrrde, combmatlons thereof and the like.

According to one embodiment, after the formation of top electrode 28, and preferably

- before the removal of sacrificial oxide layer 22, the entire structure may‘be_treated to make the;

resonator structure an integral unit. Where pedestal 18 and top electrode 28 are polysilicon,

treatment may bea rap1d thermal process (RTP) such a heatmg in an inert environment overa:

R s G - - —— __—

temperature 1ncrease range from about 100° C to about 2 000° C and for a process time from.
about 10 seconds to about 5 minutes. In order to provrde a rmeroﬁne-gramed substantially -

homogenous polysilicon resonator structure that will resist disintegration during field use, it is

preferable to use a polysilicon composition that has a grain size in a range from about 0.1 micron

P10077 ' , 9
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to about 10 micron and an aspect ratio from about 1:1 to about 4:1, preferably frorn about 1.1:1
to about 2:1. Preferably, the polysilicon is doped by implanting doping elements a_.t the borders
between individual homogenous phases of the polysilicon.

‘Where top electrode 28 and pedestal 18 are made of a rnetal, fabrication rnay be.
preferably carried out by sputtering. An RTP may also be carried out to anneal the composite
structure. In any event, the resonant frequency of a bearn, bridge ora plate/mernbrane isa
functlon of both resonator stiffness and resonator mass. Accordmgly, a preferred resonant
frequency, a preferred oscillation frequency or the vlrke may be achieved i in part by .selectmg a
matenal accordmg to its known stiffness. " o |

After the formation of top electrode 28 a protectrve layer 30 and a.n ablatrve layer 32 are
formed over oscillator member 28 as deplcted in Flgure 9. A fourth mask 34i is patterned over
ablative layer 32 in preparatron for the formation of spaced-apart stacks that may be selectrvely
rernoved for oscillator tumng Protectrve layer 30 may actasa dxffusmn barner that may be
made ﬁ'om materials such as titanium (Ti), chromium (Cr), srhcon (Si), thonu__m (Th), cerium

(Ce), alloy's thereof, combination thereof, and the like. Metal oxide compounds may be also

‘used such as titania, chromia, silica, thoria, and ceria. Metal nitride compounds may also be

used such as Ti,Ny, CrNy, SixNy, Th,Ny, CexNy, and the like. Metal silicide compounds may

Aalso be used such as Ti,Siy, CrxSiy, ThySiy, CexSiy, and the like. In any event the metal oxide, the

metal mtnde and the metal silicide compounds may be prov1ded in both storchlometnc and sohd

e e T -

20 -

solution ratios.

Flgure 10 ﬂlustrates cantrlever beam oscrllatorl 00 aﬂer further processmg Other

osc1llator structures may be used such as mrcrobndge resonators and the hke as illustrated in

- Flgure 8 or the hke, membrane resonators and the like, and other resonators. In the present

P10077 10
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invention a cantilever beam oscillator 100 is used to illustrate the inventive method. Figure 10
1llustrates cantilever beam oscillator 100 after further processmg in which sacnﬁc1al oxide layer
22 has been removed. The removal process may be done by isotropic etchmg, preferably by wet
etching. Etch selectivity in the preferable 1sotroplc wet_etch is conﬁgured to make the etch
recipe less selecﬁve to sacrificial oxide layer 22, than to'ani' and ail of substrate 10, drive

electrode 20, oscillator pedestal 18, and top electrode 28. The etch recipe selectivity is above

-about.20:-1, preferably below about 100:1, more preferably below about 1000:1, and most .
preferably below about 5000:1. After the removal process, it is observed that top electrode 28 is
| disposed spaced apart from drive electrode 20. Optionally, the removal of sacrificial oxide layer

22 mey precede formation of protective layer 30 and ablative layer 32, or following removal of _

ablative structure 40.
A plurahty of spaced-apart stacks 36 include a protective pad 38 that is formed from

protectrve layer 30, and ablative structure 40 that is formed from ablative layer 32. The spaced-

- apart stacks 36 are patterned upon a first surface 42 of oscillator 100. As illustrated in Figure

10, protective pad 38'was simultaneously patterned out'-of protective layer 30, while ablative
structure 40 was patterned out of ablative layer 32. Ablative structure 40 lis preferably made
from a material that will ’Vapcrize at the intensities of a focused ion beam (FIE) or alaser.
Protective pad'38 acts to resist damage to upper surface 42 of oscillator member' 28 during

removal the ablatlve structure 40 of selected spaced—apart stacks 36 The material of protectrve '

e S

pad 38 may be selected from arefractory metal, a refractory metal silicide, a refractory metal
nitride, and combinations thereof. For example a refractory metal silicide may be TixSiy,

wherein x and y are configure for both stoichiometric and other solid solution combinations.

Alternatively, protective pad 38 may be selected from a silicon-based composition such as |

P10077 11
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polysilicon and the like for both doped and undoped polysilicon. Other silicon-b;clsed
compositions méy include silicon oxide such as SixOy such as stoichiometric silica; arrd the like in
both stoichiometric and other solid solution combinations. Ottrgr silicon-based compositions
may include silicon nitn'dé such as SixNy for example SigN4 and the like in both Stoichiorriett'ic
and other solrd solution combinations. | |

Optionally, protective pad 38 may be patterned through a negative mask by. patterning the

mask with a pluralify of recesses, and by successively lining the re_ceéses with protective pad 38,

followed by second filling the recesses with ablative material 40. Thereafter, éplénarization

such as chemical mechanical planarization (CMP) or the like, or a plasma etchback or the like
may be carried out. In order to achieve a structure similar to that depicted in Figure 10, the - -
formation of protective pad 38 is preferably carried out by collimated physical vapor depositiorr

(PVD). Alternatively, protective layer 30 may be unpatterned such that the mass thereof is

figured into the ultimate frequency of oscillator 100.

Removal of selected spaced-apgrt'stacks 36is carried out Aby determining a first resonant
frequency of to;r elecﬁ‘ode 28 and removing at least one of the spaced-apé.rt st_abks 36 wnh a
radiant energy source. The radiant energy source is selected from a laser and thé like, an ion
beam and the like, and combinations thereof. Preferably, the radiant energy source is a laser that
may be used for laser ablanon By removal of the spaced-apart stack 36 it is meant that ablative

structure 40 is removed accordmg to the present mventlon, and that protective pad 38 may or
may not be removed in whole or in part
In one embodiment of the present invention, the removal of selected spaced-apart stacks

36, or one of them, is carried out in a passive or static implementation. In this embodiment, a

first resonant frequency is determined, at least one spaced-apart stack 36 is removed, and second

P10077 12
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resonant frequency is determined by vibrating the oscillator 100 after remoVal of at least one

spaced-apart stack 36. In another embodiment of the present invention, the removal of selected

~ara

spaced-apart stacks 36, or one of them, is carried out in an aotive or dynamic-irnplementation. In

this embodiment, a second resonant frequency is determined by monitoring any change in
resonant frequency while simultaneously removing selected spaced-apart stacks 36, one of them,
ora portion thereof where radiant energy controls may be sufficiently sensitive. -

Figure 11isatop plan view of the oscillator 100 depicted in Figure 1'0 todli’ustrate a
pattem formed of the ablative layer 32 and of spaced-apart stacks 36. During removal of
selected spaced-apart stacks 36, or one of them, an empmcal removal pattem is estabhshed upon
oscillator 100. Figure 12 is an 111ustrauon of a removal pattern 44 that may arise from .
combination of empirical and/or academic knowledge ofa preferred configuration of spaced-
apart stacks 36 that are selected for removel based upon a delta in the -ﬁrst resonant frequency
and a preferred second resonant frequency. Empin'cal and/or academic knowledge may then be
applied to a second resonator in the same process batch. Alternatively, the second resonator may
be located in a regmn ina second wafer or the like that is likely to have similar process results. -
A_lternatively, a second resonator may be located on a second wafer that may have had similar
process conditions as the first resonator. Additionally, a combination of a similar process wafer
and a similar region of a wafer may be combined to select the second resonator. 'Additionally, a

pro gresswe steppmg across a given wafer may be carned out under conditions that allow for

S NI T N . = . -~ -

20

ﬁmte dlfference tracking of changes in the first resonant frequency, and stack removal may be .
adJusted in response previous empirical data obtained for the glven wafer or for a previous wafer

that may have been processed under similar conditions. =

P10077 13



The final frequency of oséillator 100 is based upon the mass of remaining spaced-apart
stacks 36 anda respectlve position of each at least one spaced-apart stack 36 along the top
electrode 28 that is not removed, under conditions to approach a second resonant frequency
Figure 13 is an elevatlonal cross-section view taken along the line 13 - - 13 from Flgure 12.

-5 Figure 13 depicts the structure of oscillator 100 after removal of the ablative structure 40 of at
iéast one spaced-apart stack 36. Preferably, remoyal of a spaced apart stack 36 is carried out by
directing a radiant energy source roward a selécted spaced-apart stack 36. Because the ablative
layer is now configured as aplurality of discrete ablative structures 40 that make up spaced-apart
stacks 36, a radiant energy beam that rs directed toward a selected spaced-apart stack 36 has

10  sufficient margin for a radiant beam overlap error that is limited to the area immediately
surrounding a given spaced-aparr stack 36, without impinging upon an adjacent spaced-apart
stack 36. In this way, a substantially discrete amount of material, that is a single ablative
smanue 40, is removable from upper surface 42 such that substantially discrete tuning of
oscillatqr 100 may be carried out. A preferred source of radiant energy is a laser. In the present‘

15 invention, the duratidn and intenéity of the radiant enérgy source is less effective to remove a
discrete amount of material, compared to the removal of a discrete spaced-apart stack 36 or the

. ablative structure 40 portion of a spaced-apart stack 36.‘ |
In one embbdirnent, oscillator 100 is a beam such as a cantilever beam. For some

apphcatlons such as'a hand-held telecommumcatlons use by way of non-limiting example, the

R LR RN NS S B -

20 mass of osc1llator 100 is in the range from about 0.1x 10 ‘gram to about 10x 107 gram. The
process may be carried out in this embodiment wherein each of the spaced-apart stacks 36 has a
mass in a range from about 0.02 % the mass of the oscillator 100 to about 2 % the mass of

oscillator 100.
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In one embodiment of the present invention, sacrificial oxide layer 22 is removed before

the selective removal of at least one spaced-apaft stack 36. In a first alternative of Athi's'

embodiment, selective removal of at least one spaced-apart staek 36 is carried out in the passive

or static mode wherein oscillator 100 is not being tested m motion. In a second aitematiﬁe of
this embodiment, selective remoya} ef at least one spaced-epart stack 36 is carried out in the
active or dynamic mode wherein oscillator 100 is being tested in motion. In either embodiment,
intermittent testing of oscillator IOO rﬁay be carried out to achi_eve a preferreci ’resoﬁant }

frequency. In another embodiment, sacrificial oxide layer 22 is removed after the selective

~ removal of at least one spaced-apart stack 36.

Figure 14 illustrates ano_ther embodiment of the present invenﬁon. In this eﬁbbdiment,
an oscillator 200 includes a sacrificial oxide Alayer 22 to support ‘t,he oscillator member 28. This
embodiment represents a passive or static tuning of oscillator 200. Bﬁlk materie.l 461is added to
oscillator 200 by the use of a radiant energy source 48 such as a laser or azfocused ion beam
(FIB) in the presence ofa deposiﬁon vaper.' Bulk material 46 acts to deposit upon upper surface
42 at the c'onjunction. of the deposition vapor, the radiant energy source 48, and ubper surface 42.
In_ this me.nner, bulk material 46 is added.by.directing radiant energy source 48 over a preferred
amoﬁnt of upper surface 42. Bulk material 46 may be a compound such at SiO; formed from the
thermal decomposition of tetraethyl ortho silicate (TEOS). It may also be a metal ‘su‘eh as

tungsten (W), chromium (Cr), cobalt (Co), nickel (Ni), platmum (Pt) alloys thereof,

T - e - -

combmatlons thereof, and the like. Although not deplcted itis understood that where necessary ',
to protect oscillator member 28 during the formation of bulk matenal 46, a protective layer such

as protective layer 30 may be formed upon upper surfaee'42'.= :

P10077 15
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In another embodiment, the active or dynamic tuning 6f oscillator 200 is carried out as
illustrated in Figure 15. Sacrificial oxide layer 2.2 has been removed, oscillator 200 is in motioﬂ
50, -and radiant energy source 48 is building a bulk material 46 while the frequéncy of oscillator
 200is being monitored. As the vapor _impinges oscillator ‘200, the vapor forms condensate

5 and/or a precipitate that is depositéd by such mechanisms as decomposition of the vapor into an
at least in part non-volatile portion. The conditions that are sufficient to caﬁse the impinging
vapor to deposit to fomi bulk material 46 may be practiced according to known methods of laser
or FIB depositidn techniques. Such condiﬁdns may also be selected from either the preferred
CVlj processes oi from PVD p;ocesseé.

10 In any event, an erﬁpirical process may in;:lude de';ermining a first resonant ﬁ'equéncy of
oscillator 200, pattéming at least one structure such as ablative structure 40 (subtractive
patterning) or bulk material 46 (additive patterning) on oscillator upper surface 42, and then
detefminiﬁg a sepond resonant frequency of oscillator 200. Alternatively, thg inventive method
may include continuously monitoring the resohant frequency of oscillator 200 as it changes from -

15  the first ﬁéquency._té .the second frequency by cdntinuously vibrating the oscillator 200 w_hiie
patterning. ‘

~ The inventive oscﬁlator is typically a component that may be placed in an electronic
device such as a handheld and/or wireless device. Such handheld and/or Wireless devices may
1nclude a personal data assistant (PDA), a cellular telephone a notebook computer, and the like. -

20  The mventlve oscillator is also typlcally placed in an electromc dewce such as a storage device
including a magnetic storage device and the like where the osc1llator may be a read/write

structure.

P10077 , 16

— —



- .

| Figure 16 illustrates the inventiye process 300. First, an oscill.ater‘is provided 310 that
- includes an oscillator member. A first resonant r'requency of the oscillator member is' determined
320. ‘Next, at least one structure is pattemed. 330 on the oscillé.tor member. This patterning is
 either subtractive, a'dditive"or both. Next, a second resonnnt freqnency of the oseillator‘ member
.5 is determined 340. | |
' In one embodiment of the present invention, because of both passive and acﬁve
patterning techmques, either or both of which can be addltlve or subtractrve an osc1llator may be
. .tuned to meet a preferred apphcatlon It will become clear that both subtractlve and additive -
‘techm‘ques may be combined such that the subtractive technique acts as a discrete stage tuning
10 - where a slight overshoot may occur, and then the additive technique .acts‘as 5 conﬁnuens tuning
~ to bring the preferred r'esonan'i frequency closer to the preferred number. 'Control' of the édditive _
+ - technique may be dominated by the presence andvphySical state of the depositien vapor where
: adjustment of a laser or an FIB rnay lack the needed sensitivity te achieve a preferred resenant
L frequeney. In other words, the subtractir/e technique approaches a digital adjnstment toa
15 preferred resonant frequency for an oscillator, and the additive technique-apprdaches' an analog .
-adjustment to the preferred resonant frequency.
It will be readily understood to those skilled in the art that various other changes in the
detalls, material, and arrangements of the parts and method stages whlch have been descnbed

and 1llustrated in order to explam the nature of thls invention may be made without departlng

©20 from the pnnc1p1es and scope of the invention as expressed in the sub_]omed cla1ms
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